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Indo-Asian collision and intracontinental deformation resulted in large crustal shortening and uplift of the
Tibetan Plateau, and much attention has been paid to determine the deformation, crustal shortening, and
the uplift of the plateau (Patriat and others, 1984; Besse and others, 1984; Dewey and others, 1989;
Harrison and others, 1992; Ratschbacher and others, 1994; Wang and others, 2002, 2008; Molnar and
Tapponnier, 1975; Tapponnier and Molnar 1977; DeCelles and others, 1998, 2002). Previous research has
indicated that the Tanggula-Tuotuohe area has undergone intensive deformation during the Cenozoic
(Leeder and others, 1988; Yin and Harrison, 2000; Wang and others, 2002), and that the Tuotuohe basin
was formed as a result of the Early Tertiary Tanggula thrust system (Li and others, 2006). However,
compared to the Himalayas and other areas, the Cenozoic evolution and upper-crustal shortening in this
area is almost unknown.
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Figure 1. Simplified geological map of Tanggula Mountain and the Tuotuohe area. 1. Quaternary alluvial deposits;
2. Eocene-Miocene deposits; 3. Cenozoic volcanic rocks; 4. Middle-Upper Jurassic Yanshiping group; 5. Late
Triassic Jieza Group; 6. Carboniferous-Permian strata; 7. Cenozoic granite; 8. strike-slip fault; 9. thrust; 10. location
of balanced cross-section; 12. Glacier or year round snow; 13. mountain peak and elevation; JSZ: Jinshajiang
Suture; BWLB-Baging-WulwI Lake thrust belt ; QGB-Quemocuo-Gaina fold-thrust belt; GEB -Geraddong-Esuima
thrust belt.
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Our investigation shows that the Tanggula thrust system, south to Geladandong-Esuima area and north to
the Wulwl Lake-Kendima-Baqing area, runs parallel to the Tanggula Range. In the study area the
Tanggula thrust system extends more than 320 km to the northwest with a width of 60-80 km (Figure 1).
On the basis of the balanced cross-section laws, two routes were chosen for reconstructing balanced
sections (AB and CD). Based on the restoration of balanced cross-sections, we calculated crustal-
shortening ratios using line-length balancing techniques. The results show that: 1/ the Jurassic strata in
two sections are presently 55.6 km and 72.2km long, while the original lengths were 156 km and 147 km
respectively, indicating that the shortening is 100.4 km and 74.8 km and the shortening ratios are 64.4%
and 50.9%; 2/ the Tertiary strata in Tuotuohe basin are currently 128 km and 76.4 km long in the two
sections. Compared to the original lengths of the Tertiary strata, this suggests that the shortening is

114.4 km and 54.6 km and the shortening ratios are 47.2% and 41.7%. Consequently, the crustal
shortening in the Tanggula-Tuotuohe area is 214.8 km and 132.4 km with shortening ratios of 53.9% and
47.0%.

Previous studies suggest that the Tanggula range has been uplifted and became the northern boundary of
Paleo-Tibetan Plateau in the Paleogene (Wang and others, 2008, and others, 2006). Comparison of the
Jurassic and Tertiary shortening in the two sections shows that the Jurassic strata have undergone only
little shortening before the Tertiary, implying that the early Tertiary is the main period with intensive
shortening in the study area. Our comprehensive analysis indicates that the age of the Tanggula thrust
system can be confirmed as 67-23 Ma (Li and others, 2006), and that the age of the Tuotuohe and
Yaxicuo Formations which is overlain by undeformed Wudaoliang Formation (Wang and others, 2002) is
52-23.8 Ma (Yi and others, 2004; Liu and others, 2005). This suggests that the main stage of crustal
shortening was during the Paleocene-Oligocene in the Tanggula-Tuotuohe area.

Reference

Besse, J., Courtillou, V., Possi, J.P., Westphal, M. and Zhou, Y.X., 1984, Paleomagnetic estimates of crustal shortening in the
Himalayan thrusts and Zangbo suture, Nature, 311, 621-626.

DecCelles, P.G., Robinson, D.M. and Zandt, G., 2002, Implications of shortening in the Himalayan fold-thrust belt for uplift of the
Tibetan Plateau, Tectonics, 21, 1062, doi:10.1029/2001TC001322.

DecCelles, P.G., and others, 1998, Neogene foreland basin deposits, erosional unroofing, and the kinematic history of the
Himalayan fold-thrust belt, western Nepal, Geol. Soc. Am. Bull., 110, 2 -21.

Dewey, J.F., Cande, S. and Pitman, W.C., 1989, Tectonic evolution of the India-Eurasia collision zone, Ecol. Geol. Helv. 82,
717-734.

Harrison, T.M., Copeland, P., Kidd, W.S.F. and Yin, A., 1992, Raising Tibet, Science, 255, 1663-1670.

Leeder, M. R., Smith, A.B. and Y. Jixiang, 1988, Sedimentology and palaeoenvironmental evolution of the 1985 Lhasa to
Golmud geotraverse, Philos. Trans. R. Soc. London, Ser. A, 327, 107 — 143.

Li, Y., Wang, C., Yi, H., Liu, Z. and Li, Y., 2006, Cenozoic thrust system and uplifting of the Tanggula Mountain, Northern
Tibet, Acta Geologica Sinica, 80, 1118-1130 (in Chinese with English Abstract).

Liu, Z.F., and others, 2005, Oligo-Miocene Depositional Environment of the Tuotuohe Basin, Central Tibetan Plateau, Acta
Sedimentologica Sinica, 23, 210-217 (in Chinese with English Abstract).

Molnar, P. and Tapponnier, P., 1975, Cenozoic tectonics of Asia effects of a continental collision, Science, 189, 419-426.

Patriat, P. and Achache, J., 1984. India-Eurasia collision chronology has implications for crustal shortening and driving
mechanism of plates, Nature, 311, 615-621.

Ratschbacher, L., Frisch, W., Liu, G. and Chen, C.C., 1994, Distributed deformation in southern and western Tibet during and
after the India-Asian collision, J. Geophys. Res., 99, 19917-19945.

Tapponnier, P. and Molnar, P.J., 1977, Active faulting and tectonics of China, J. Geophys. Res., 82, 2905-2930.

Wang, C.S., Liu Z.F., Yi H.S., Zhao, X.X., and Liu, S., 2002, Tertiary crustal shortening and peneplanation in the Hoh Xil
region: implications for the tectonic history of the northern Tibetan Plateau, J. Asian Earth Sci., 20, 211-223.

Wang, C.S., and others, 2008, Constraints on the early uplift history of the Tibetan Plateau. Proc. Natl. Acad. Sci., 105, 4987—
4992.

Yi, H.S, and others, 2004, Magnetostratigraphic Studies of Tertiary Continental Redbeds in Wulanwula Lake Area of Northern
Tibetan Plateau and Their Geologic Significance, Acta Geosicientia Sinica, 25, 633-638 (in Chinese with English Abstract).

Yin, A. and Harrison, T. M., 2000, Geologic Evolution of the Himalayan-Tibetan Orogen, Ann. Rev. Earth Planet Sci., 28, 211
280.

Cite as: Li, Y., Wang, C., Xu, G., Zhao, X., Ma, C., 2010, Crustal Shortening in the Tanggula-Tuotuohe Area, Northern Tibet, in
Leech, M.L., and others, eds., Proceedings for the 25" Himalaya-Karakoram-Tibet Workshop: U.S. Geological Survey, Open-
File Report 2010-1099, 2 p. [http://pubs.usgs.gov/of/2010/1099/1i/].


http://pubs.usgs.gov/of/2010/1099/li/

